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(54)  Ultrasonic  sensor  and  its  ultrasonic  resonator 

(57)  An  ultrasonic  sensor  (20)  mounted  on  a 
bumper  (30)  of  an  automobile  transmits  ultrasonic  wave 
and  receives  ultrasonic  wave  reflected  by  obstacles, 
and  thereby  detects  obstacles.  The  ultrasonic  sensor 
(20)  has  an  unequal  directional  characteristic  in  its  hor- 
izontal  and  vertical  directions  (a  wider  angle  is  covered 
in  the  horizontal  direction).  A  cylindrical  ultrasonic  reso- 
nator  (10)  is  positioned  in  a  cylindrical  sensor  case  (22) 
so  that  its  directional  characteristic  accords  with  a  pre- 
determined  direction.  A  pair  of  flat  surfaces  (17)  are 
formed  on  the  outer  cylindrical  surface  of  the  resonator 
(10)  to  identify  its  horizontal  direction  when  the  resona- 
tor  is  assembled  into  the  sensor  case  (22).  The  sensor 
case  (22)  also  has  flat  surfaces  (26)  to  identify  its  hori-  ~ 
zontal  direction  when  it  is  mounted  on  the  bumper  (30).  ^  
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Description 

CROSS-REFERENCE  TO  RELATED  APPLICATION 

This  application  is  based  upon  and  claims  benefit  of  s 
priority  of  Japanese  Patent  Application  No.  Hei-9- 
142336  filed  on  May  30,  1997,  the  content  of  which  is 
incorporated  herein  by  reference. 

BACKGROUND  OF  THE  INVENTION  10 

1  .  Field  of  the  Invention 

The  present  invention  relates  to  an  ultrasonic  sen- 
sor  and  an  ultrasonic  resonator  for  use  in  the  ultrasonic  15 
sensor.  The  ultrasonic  sensor  is  used  in  an  automobile 
for  detecting  obstacles  located  backward  and/or  forward 
corners  of  the  automobile. 

2.  Description  of  Related  Art  20 

An  ultrasonic  sensor  of  this  kind  has  been  known 
hitherto  and  used  in  an  automobile.  The  ultrasonic  sen- 
sor  installed  on  a  rear  bumper  transmits  ultrasonic  wave 
backward  and  receives  ultrasonic  wave  reflected  by  25 
obstacles  located  at  a  back  area  or  back  corners  of  the 
automobile,  when  the  automobile  is  driven  backward  for 
parking  or  other  purposes.  When  the  obstacles  are 
detected  by  the  sensor,  a  driver  is  warned  and  he  can 
avoid  hitting  the  obstacles.  An  ultrasonic  resonator  is  30 
mounted  in  a  case  of  the  ultrasonic  sensor.  The  ultra- 
sonic  resonator  includes  a  piezoelectric  element 
attached  to  a  round  resonator  surface.  The  piezoelectric 
element  is  driven  by  electrical  voltage,  and  ultrasonic 
vibration  is  generated  therein  by  piezoelectric  effect.  35 
The  ultrasonic  wave  is  transmitted  backward  from  the 
resonator  surface,  and  the  resonator  surface  receives 
the  ultrasonic  wave  reflected  by  the  obstacles.  Electrical 
voltage  is  generated  in  the  piezoelectric  element 
according  to  the  reflected  ultrasonic  wave  by  reverse  40 
piezoelectric  effect  and  processed  by  a  signal  process- 
ing  circuit  installed  in  the  sensor. 

Usually,  a  conventional  ultrasonic  resonator  has  a 
directional  characteristic  which  is  equal  in  both  vertical 
and  horizontal  directions.  However,  it  is  desirable  for  the  45 
sensor  to  cover  a  wider  angle  in  the  horizontal  direction 
than  in  the  vertical  direction  and  not  to  detect  the  ground 
surface  as  an  obstacle.  To  obtain  the  desired  directional 
characteristic,  some  conventional  sensors  include  a 
horn  attached  to  its  front  having  an  oval  opening  with  an  so 
longer  axis  in  the  vertical  direction.  An  example  of  a 
conventional  ultrasonic  sensor  is  shown  in  FIGS.  8A 
and  8B,  showing  a  front  view  and  a  cross-sectional 
view,  respectively.  As  shown  in  FIG.  8B,  ultrasonic  sen- 
sor  120  is  installed  on  rear  bumper  30.  Ultrasonic  sen-  ss 
sor  120  has  an  ultrasonic  resonator  for  transmitting 
ultrasonic  wave  therefrom  and  receiving  ultrasonic  wave 
reflected  by  obstacles.  This  particular  resonator  has  a 

directional  characteristic  which  is  equal  in  both  vertical 
and  horizontal  directions  as  shown  in  FIG.  9.  The  ultra- 
sonic  wave  generated  in  the  resonator  is  transmitted 
from  a  resonator  surface  121  through  an  opening  122 
which  forms  a  horn.  Resonator  surface  121  of  the  ultra- 
sonic  resonator  mounted  in  sensor  120  is  located 
behind  the  front  surface  of  opening  1  22,  thereby  forming 
a  depressed  space.  Since  the  sensor  is  mounted  on  the 
rear  bumper,  some  dirt  or  snow  will  be  accumulated  in 
the  depressed  space,  which  adversely  affects  detection 
ability  of  the  ultrasonic  sensor.  In  addition,  the 
depressed  space  in  front  of  the  sensor  may  not  be 
desirable  from  a  design  or  ornamental  standpoint. 

SUMMARY  OF  THE  INVENTION 

In  view  of  the  above  problem,  an  ultrasonic  resona- 
tor  having  a  directional  characteristic  which  is  wider  in 
the  horizontal  direction  in  itself  and  having  a  round  res- 
onator  surface  has  been  proposed  recently.  However,  to 
correctly  mount  this  kind  of  ultrasonic  resonator  in  the 
case  of  the  sensor,  a  special  attention  has  to  be  paid  not 
to  make  error  in  its  mounting  direction.  In  other  words, 
there  is  a  possibility  that  the  ultrasonic  resonator  is 
mounted  in  the  case  with  a  wrong  direction. 

The  present  invention  has  been  made  in  view  of  the 
above-mentioned  problems,  and  an  object  of  the 
present  invention  is  to  provide  an  ultrasonic  sensor 
including  an  ultrasonic  resonator  which  has  an  unequal 
directional  characteristic  in  the  horizontal  and  vertical 
directions  and  is  easily  assembled  into  the  sensor  with- 
out  making  a  directional  error  in  the  assembling  proc- 
ess.  Another  object  is  to  provide  an  ultrasonic  sensor 
structure  which  prevents  accumulation  of  dirt,  snow  or 
other  foreign  objects  on  the  front  surface  of  the  sensor. 

An  ultrasonic  resonator  is  composed  of  a  cylindrical 
housing  with  a  front  surface  closed,  and  a  piezoelectric 
element  attached  to  the  front  surface.  The  front  surface 
of  the  housing  constitutes  a  resonator  surface  from 
which  ultrasonic  wave  is  transmitted  and  by  which  ultra- 
sonic  wave  reflected  by  obstacles  is  received.  A  direc- 
tional  characteristic  of  the  ultrasonic  resonator  is 
unequal  in  horizontal  and  vertical  directions.  Namely,  it 
covers  a  wider  angle  in  the  horizontal  direction  than  in 
the  vertical  direction,  for  example.  On  the  outer  cylindri- 
cal  surface  of  the  metallic  housing,  a  flat  surface,  prefer- 
ably  a  pair  of  flat  surfaces,  is  formed.  The  flat  surface 
serves  to  identify  a  particular  direction,  e.g.,  the  hori- 
zontal  direction,  of  the  ultrasonic  resonator  when  the 
resonator  is  inserted  into  a  cylindrical  sensor  case. 

The  ultrasonic  sensor  is  composed  of  a  cylindrical 
resin  case,  the  ultrasonic  resonator  and  a  signal 
processing  circuit.  The  ultrasonic  resonator  is  posi- 
tioned  in  the  resin  case  so  that  the  front  surface  of  the 
resonator  is  substantially  coplanar  with  a  front  opening 
of  the  resin  case,  leaving  no  depressed  space  in  the 
front.  This  structure  serves  to  avoid  accumulation  of  any 
foreign  materials  such  as  dirt  and  snow  in  the  front  of 
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the  sensor.  A  flat  surface,  preferably  a  pair  of  flat  sur- 
faces,  is  formed  on  the  outer  cylindrical  surface  of  the 
case,  so  that  the  horizontal  direction  is  identified  when 
the  ultrasonic  sensor  is  installed  on  a  bumper  of  an 
automobile.  An  oval  hole  is  made  on  the  bumper  to 
receive  the  ultrasonic  sensor  therein,  and  accordingly 
the  ultrasonic  sensor  is  correctly  positioned  on  the 
bumper. 

Other  objects  and  features  of  the  present  invention 
will  become  more  readily  apparent  from  a  better  under- 
standing  of  the  preferred  embodiment  described  below 
with  reference  to  the  following  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1A  is  a  front  view  of  an  ultrasonic  resonator 
according  to  the  present  invention; 
FIG.  1  B  is  a  side  view  of  the  ultrasonic  resonator 
shown  in  FIG.  1A; 
FIG.  1C  is  a  rear  view  of  the  ultrasonic  resonator 
shown  in  FIG.  1A; 
FIG.  1D  is  a  cross-sectional  view  of  the  ultrasonic 
resonator  shown  in  FIG.  1A,  taken  along  a  line  ID- 
ID  in  FIG.  1E; 
FIG.  1  E  is  a  rear  view  showing  the  ultrasonic  reso- 
nator  shown  in  FIG.  1A,  filler  material  being 
removed  from  a  housing; 
FIG.  2  is  a  diagram  showing  directional  characteris- 
tics  of  the  ultrasonic  resonator  in  both  horizontal 
and  vertical  directions; 
FIG.  3A  is  a  front  view  showing  an  ultrasonic  sensor 
of  the  present  invention,  which  is  mounted  on  a  rear 
bumper  of  an  automobile; 
FIG.  3B  is  a  cross-sectional  view  showing  the  ultra- 
sonic  sensor  shown  in  FIG.  3A; 
FIG.  4  is  a  plan  view  showing  a  bumper  which  has 
an  oval  hole  for  mounting  the  ultrasonic  sensor 
therein; 
FIG.  5A  is  a  perspective  view  showing  a  case  of  the 
ultrasonic  sensor; 
FIG.  5B  is  a  rear  view  showing  the  case  shown  in 
FIG.  5A; 
FIGS.  6A  and  6B  show  a  modified  form  of  the  ultra- 
sonic  resonator  according  to  the  present  invention, 
showing  a  front  view  and  a  side  view,  respectively; 
FIGS.  7A  and  7B  show  another  modified  form  of  the 
ultrasonic  resonator  according  to  the  present  inven- 
tion,  showing  a  front  view  and  a  side  view,  respec- 
tively; 
FIGS.  8A  and  8B  show  an  example  of  a  conven- 
tional  ultrasonic  sensor,  showing  a  front  view  and  a 
cross-sectional  view,  respectively;  and 
FIG.  9  is  a  diagram  showing  a  directional  character- 
istic  of  the  conventional  ultrasonic  resonator  shown 
in  FIGS.  8A  and  8B. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  to  FIGS.  1A  to  1E,  an  embodiment  of  an 
5  ultrasonic  resonator  according  to  the  present  invention 

will  be  described.  Ultrasonic  resonator  10  is  composed 
of  metallic  housing  1  1  having  a  cylindrical  shape  with 
one  end  closed  by  an  end  wall  11a,  piezoelectric  ele- 
ment  1  2  attached  to  end  wall  1  1  a,  lead  wires  1  5  for  sup- 

10  plying  voltage  to  piezoelectric  element  12,  and  filler  16 
filling  inner  space  13  of  housing  11.  End  wall  11a  is 
round  and  has  resonator  surface  1  1  b  from  which  ultra- 
sonic  wave  is  transmitted  and  by  which  ultrasonic  wave 
reflected  by  obstacles  is  received.  One  of  lead  wires  15 

15  is  soldered  to  one  surface  of  piezoelectric  element  12, 
and  the  other  one  of  lead  wires  15  is  soldered  to  notch 
14  formed  in  housing  1  1  .  Alternating  voltage  is  imposed 
on  both  surfaces  of  piezoelectric  element  12  through 
lead  wires  1  5.  Inner  space  1  3  has  a  rectangular  cross- 

20  section  with  longer  vertical  sides  and  shorter  horizontal 
sides,  as  shown  in  FIGS.  1C  and  1E.  Rectangular  inner 
space  13  provides  the  ultrasonic  resonator  with  an  une- 
qual  directional  characteristic  in  the  horizontal  and  ver- 
tical  directions  as  shown  in  FIG.  2.  As  seen  in  FIG.  2, 

25  resonator  10  covers  a  wider  angle  in  the  horizontal 
direction  than  in  the  vertical  direction.  After  piezoelectric 
element  1  2  is  attached  to  end  wall  1  1  a  and  lead  wires 
1  5  are  soldered  to  the  respective  positions,  inner  space 
13  is  filled  with  filler  16  consisting  of  felts  and  silicone 

30  resin. 
Flat  surfaces  17  are  formed  at  an  outer  cylindrical 

surface  of  metallic  housing  1  1  .  Flat  surfaces  1  7  are  par- 
allel  to  the  longer  sides  of  inner  space  13,  and  thereby 
serve  to  identify  the  horizontal  direction  of  ultrasonic 

35  resonator  10  when  it  is  assembled. 
FIGS.  3A  and  3B  show  ultrasonic  sensor  20  in 

which  ultrasonic  resonator  10  described  above  is 
assembled.  FIG.  3A  is  a  front  view,  and  FIG.  3B  is  a 
cross-sectional  view  of  ultrasonic  sensor  20.  Ultrasonic 

40  sensor  20  is  composed  of  case  22  made  of  resin,  ultra- 
sonic  resonator  10  inserted  into  case  22,  signal 
processing  circuit  21  for  supplying  voltage  to  piezoelec- 
tric  element  12  and  processing  voltage  generated  in 
piezoelectric  element  12  by  reverse  piezoelectric  effect, 

45  and  silicone  resin  24  filled  in  the  back  space  of  case  22 
for  protecting  the  inside  components  from  humidity. 
Ultrasonic  sensor  20  is  mounted  on  rear  bumper  30,  for 
example,  and  transmits  ultrasonic  wave  of  about  40  KHz 
and  receives  ultrasonic  wave  of  the  same  frequency 

so  reflected  by  the  obstacles. 
Shock  absorbing  member  23  made  of  silicone  rub- 

ber  is  inserted  between  ultrasonic  resonator  10  and 
case  22.  Shock  absorbing  member  23  alleviates  trans- 
mission  of  vibration  generated  in  ultrasonic  resonator 

55  1  0  to  case  22.  Signal  processing  circuit  21  is  connected 
to  an  outside  controller  (not  shown)  through  wire  har- 
ness  25.  Case  22  has  circular  opening  22a  through 
which  ultrasonic  resonator  10  is  inserted.  Case  22  also 
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has  stub  22b  which  determines  the  axial  position  of 
shock  absorbing  member  23  and  ultrasonic  resonator 
10.  Resonator  surface  11b  is  positioned  coaxially  with 
circular  opening  22a  and  at  the  almost  same  axial  posi- 
tion  as  circular  opening  22a,  thereby  making  substan-  5 
tially  no  depressed  space  in  front  of  resonator  surface 
11b.  Lead  wires  15  of  ultrasonic  resonator  10  are  con- 
nected  to  signal  processing  circuit  21  by  soldering,  and 
signal  processing  circuit  21  is  inserted  into  case  22  from 
the  right  side  of  FIG.  3B.  Then,  silicone  resin  24  is  filled  w 
in  the  back  space  of  case  22.  Thus,  assembling  of  ultra- 
sonic  sensor  20  is  completed. 

When  ultrasonic  resonator  10  is  inserted  from  cir- 
cular  opening  22a  of  case  22,  its  angular  position  inside 
case  22  is  determined  by  flat  surfaces  1  7  which  fit  with  is 
flat  surfaces  of  shock  absorbing  member  23.  Flat  sur- 
faces  1  7  formed  on  the  outer  cylindrical  surface  of  ultra- 
sonic  resonator  10  serve  to  avoid  mispositioning  of 
resonator  10  in  case  22.  Since  ultrasonic  resonator  10 
has  directional  characteristics  which  are  different  in  the  20 
horizonal  and  vertical  positions,  as  mentioned  above,  its 
mispositioning  in  the  assembling  process  has  to  be 
avoided  without  fail.  Though  resonator  10  can  be 
assembled  upside  down  in  case  22  (rotated  by  180 
degrees),  it  must  not  take  other  positions.  25 

When  ultrasonic  sensor  20  is  mounted  on  rear 
bumper  30,  it  must  be  positioned  correctly  so  that  it  cov- 
ers  a  wider  angle  in  the  horizontal  direction.  For  this  pur- 
pose,  rear  bumper  30  has  oval  hole  31  for  mounting 
ultrasonic  sensor  20  therein  as  shown  in  FIG.  4,  and  30 
case  22  of  sensor  20  has  flat  surfaces  26  which  fit  with 
the  longer  sides  of  oval  hole  31  when  case  22  is 
inserted  into  oval  hole  31  to  a  position  where  a  flange 
portion  of  case  22  contacts  bumper  30  as  shown  in 
FIGS.  5A  and  5B.  By  this  structure,  ultrasonic  sensor  20  35 
can  be  positioned  correctly  on  rear  bumper  30  without 
fail. 

FIGS.  6A  and  6B  show  a  modified  form  of  ultrasonic 
resonator  1  0  which  as  only  one  flat  surface  1  7  formed 
on  the  outer  peripheral  surface  of  metallic  housing  1  1  in  40 
place  of  a  pair  of  flat  surfaces  1  7  shown  in  the  foregoing 
embodiment.  Single  flat  surface  1  7  can  serve  to  position 
ultrasonic  resonator  10  correctly  in  sensor  housing  22  in 
the  same  manner  as  in  the  foregoing  embodiment. 
Another  example  of  modification  is  shown  in  FIGS.  7A  45 
and  7B,  in  which  stub  1  8  for  correctly  positioning  ultra- 
sonic  resonator  10  in  sensor  case  22  is  formed  on  the 
outer  surface  of  housing  11.  Stub  18  also  serves  to 
avoid  misassembling  of  resonator  10  in  a  similar  man- 
ner  as  in  the  foregoing  embodiment.  Various  forms  so 
other  than  those  exemplified  above  may  be  possible  to 
correctly  position  ultrasonic  resonator  1  0  in  sensor  case 
22  and  ultrasonic  sensor  20  on  rear  bumper  30. 

Though  ultrasonic  sensor  20  is  mounted  on  rear 
bumper  30  to  detect  obstacles  in  the  rear  of  an  automo-  55 
bile  in  the  embodiment  described  above,  it  may  be 
mounted  on  a  front  bumper  to  detect  obstacles  in  the 
front.  Also,  ultrasonic  sensor  20  may  be  mounted  on 

both  front  and  rear  bumpers,  or  two  sensors  may  be 
mounted  on  both  left  and  right  corners  of  the  bumper, 
respectively. 

While  the  present  invention  has  been  shown  and 
described  with  reference  to  the  foregoing  preferred 
embodiment,  it  will  be  apparent  to  those  skilled  in  the  art 
that  changes  in  form  and  detail  may  be  made  therein 
without  departing  from  the  scope  of  the  invention  as 
defined  in  the  appended  claims. 

Claims 

1.  An  ultrasonic  resonator  (10)  having  a  directional 
characteristic  which  is  unequal  in  horizontal  and 
vertical  directions,  the  ultrasonic  resonator  com- 
prising: 

a  resonator  surface  (11b),  having  a  circular 
shape,  from  which  ultrasonic  wave  is  transmit- 
ted;  and 
means  (17,  18)  for  identifying  the  horizontal 
direction  of  the  ultrasonic  resonator. 

2.  The  ultrasonic  resonator  as  in  claim  1  ,  wherein: 

the  ultrasonic  resonator  (10)  includes  an  outer 
peripheral  surface;  and 
the  identifying  means  (1  7,  1  8)  are  formed  on 
the  outer  peripheral  surface. 

3.  The  ultrasonic  resonator  as  in  claim  2,  wherein: 

the  identifying  means  includes  at  least  one  flat 
surface  (17)  formed  on  the  outer  peripheral 
surface. 

4.  The  ultrasonic  resonator  as  in  claim  2,  wherein: 

the  identifying  means  includes  at  least  one  stub 
(18)  formed  on  the  outer  peripheral  surface. 

5.  An  ultrasonic  sensor  (20)  comprising: 

the  resonator  (10)  defined  in  claim  1  ,  2,  3,  or  4; 
and 
a  case  (22)  for  containing  the  resonator 
therein. 

6.  The  ultrasonic  sensor  as  in  claim  5,  wherein: 

the  case  (22)  includes  a  front  opening  (22a); 
and 
the  ultrasonic  resonator  (10)  is  contained  in  the 
case  so  that  the  resonator  surface  (11b)  is 
positioned  substantially  on  a  same  plane  with 
the  front  opening. 

7.  The  ultrasonic  sensor  as  in  claim  6,  wherein: 
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the  front  opening  (22a)  of  the  case  has  a  circu- 
lar  shape;  and 
the  resonator  surface  (11b)  is  positioned  coax- 
ially  with  the  front  opening  of  the  case. 

5 
8.  The  ultrasonic  sensor  as  in  any  one  of  claims  5  -  7, 

wherein: 

the  case  (22)  includes  an  outer  peripheral  sur- 
face;  and  10 
second  means  (26)  for  identifying  the  horizon- 
tal  direction  of  the  ultrasonic  sensor  is  formed 
on  the  outer  peripheral  surface  of  the  case. 

9.  The  ultrasonic  sensor  as  in  claim  8,  wherein:  is 

the  second  identifying  means  includes  at  least 
one  flat  surface  (26)  formed  on  the  outer 
peripheral  surface  of  the  case. 

20 
10.  The  ultrasonic  sensor  as  in  any  one  of  claims  5  -  9, 

wherein: 

the  ultrasonic  sensor  (20)  further  includes  a 
signal  processing  circuit  (21);  25 
the  case  (22)  has  a  cylindrical  shape  with  a 
front  opening  (22a)  and  a  rear  opening; 
the  ultrasonic  resonator  (10)  is  inserted  into  the 
case  (22)  from  the  front  opening  (22a); 
the  signal  processing  circuit  (21)  is  inserted  30 
into  the  case  (22)  from  the  rear  opening;  and 
a  material  (24)  for  protecting  the  ultrasonic  res- 
onator  and  the  signal  processing  circuit  con- 
tained  in  the  case  from  outer  humidity  is  filled  in 
the  case  (22)  behind  the  signal  processing  cir-  35 
cuit. 

1  1  .  The  ultrasonic  sensor  as  in  any  one  of  claims  5-10, 
wherein: 

40 
a  portion  (22b)  contacting  and  engaging  with 
the  identifying  means  (17,  18)  is  formed  inside 
the  case  (22). 
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